our study represents a controlled comparison of 2 modes of case management: active prescribing (pharmacist-led case management) versus screening and delegating to primary care physicians (nurse-led case management).
Methods

Study design
We conducted a 6-month prospective, randomized controlled open-label trial, with blinded ascertainment of outcomes. Patients were screened and allocated 1:1 to the pharmacist-led case manager group (intervention) or to the nurse-led case management group (active control) between 2009 and 2012. The design details have been previously published. 17 
Study participants
We included patients older than 18 years who had an ischemic stroke or transient ischemic attack confirmed by a stroke specialist at 1 of the 3 stroke prevention clinics in Edmonton, Alberta. Patients were eligible if they had systolic blood pressure or low-density lipoprotein (LDL) cholesterol levels above guideline-recommended targets (average systolic blood pressure over 2 visits > 140 mm Hg, fasting LDL cholesterol > 2.0 mmol/L, or total:high-density lipoprotein (HDL) cholesterol ratio > 4.0). Patients were excluded if they had impaired cognition, severe disability, were institutionalized, had a condition that would preclude follow-up, had hypertensive urgency (systolic blood pressure ≥ 200 mm Hg) or had treatment-refractory hypertension or dyslipidemia (i.e., already taking 3 medications and above target levels), or if they were participating in another trial.
All participants provided written informed consent, and the study protocol was approved by the Health Research Ethics Board at the University of Alberta.
Nurse-led case management (control)
All 3 stroke prevention clinics in Edmonton enrolled patients, and the attending neurologists provided written suggestions to primary care phys icians with respect to treatment targets for vascular risk factors. As per local practice, the neurologists delegated ongoing management to the patient's primary care physician and rarely saw patients after the initial visit. All patients in this group also had monthly clinic visits for 6 months with a study nurse who provided lifestyle advice (exercise, low-salt diet, smoking cessation, medication adherence), checked the patient's blood pressure and LDL level, and faxed blood pressure measurements and a list of current medications to the patient's primary care physician after each visit.
Pharmacist-led case management
Our intervention involved active case management by 4 pharmacists who saw study participants monthly in a clinic setting for 6 months. Pharmacists performed the same tasks as the nurses in the control arm, as well as initiated or titrated antihypertensive and/or lipid-lowering therapy as appropriate (using treatment algorithms and targets consistent with current Canadian guidelines). 19 The pharmacists did not undergo standardized training; however, they were all at similar stages of their career and were provided with the same patient educational materials and treatment algorithms.
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Allocation
Randomization was done at the time of screening by use of computer-generated random numbers with variable-sized blocked randomization stratified by stroke prevention clinic to preserve allocation concealment. Although patients were not blinded to their intervention status, all outcomes were collected in an independent and blinded manner by observers who were masked to baseline measurements and group assignment.
Data collection and measurements
Systolic blood pressure was ascertained at all study visits using the Bp TRU device (VSM MedTech). Six readings were performed 1 minute apart, and the last 5 readings were averaged. All laboratory measurements were independently analyzed at a central facility (DynaLIFE Dx , Edmonton). Data collation, entry, quality assurance, and analysis were carried out at the EPICORE Centre at the University of Alberta.
Outcomes
Our primary outcome was prespecified as the proportion of participants at 6 months who attained optimal blood pressure and lipid control (defined as systolic blood pressure ≤ 140 mm Hg and fasting LDL cholesterol ≤ 2.0 mmol/L, based on Canadian clinical practice guidelines). 19 Because this was an active control trial, we expected improvements for all aspects of care in the control group because of active intervention by stroke specialists in the stroke prevention clinics or the primary care physicians in response to the monthly reminders about each participant's vascular risk factors, secular trends in vascular risk reduction, study volunteer and Hawthorne effects, and regression to the mean. Data were collected for a variety of secondary outcomes (e.g., mortality, self-reported adherence, body mass index [BMI], smoking status); these are described in full in our methods manuscript. 17 
Research
Sample size Based on a survey of members of the divisions of neurology and general internal medicine at the University of Alberta, we determined that the minimal clinically important difference for the pharmacist case manager intervention to be considered useful was a 10% absolute improvement over and above any improvements in the active control group for our primary outcome. This required a sample size of 280.
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Statistical analyses
We used χ 2 tests to compare the proportion of patients who attained optimal blood pressure and lipid control at 6 months (because the proportion at baseline was zero by design); we used χ 2 testing for other binary secondary outcomes. To compare changes in systolic blood pressure, LDL cholesterol, and total:HDL cholesterol ratios between the intervention and control groups, we used 2-sample independent t tests. We conducted multiple logistic regression for our primary outcome to adjust for study site and any clinically important (> 10% imbalance between arms) or statistically significant (p < 0.1 between arms) baseline differences.
Our primary analysis was intention-to-treat. Missing data at the 6 month follow-up assessment were imputed with a last-observation carried forward strategy; this approach conservatively assumes that all participants lost to follow-up had no change in their blood pressure or lipid levels after their last recorded value.
In a per-protocol analysis, we repeated the analyses but only included patients who attended at least 1 visit with a case manager. Because of the controversy related to blood pressure targets for patients with type 2 diabetes, we performed a sensitivity analysis in which we reanalyzed outcomes using an optimal systolic blood pressure goal of 130 mm Hg or lower for patients with diabetes (instead of ≤ 140 mm Hg).
Results
Of 3696 patients screened for inclusion, 279 consented and were randomly assigned to a study group ( Figure 1 ). All 279 participants were included in the intention-to-treat analysis. In the pharmacist-led group, 13 participants attended the baseline visit but no other visits because an alternate cause for their symptoms (e.g., brain tumour, migraine, epilepsy) was detected; these patients were included in our intention-to-treat analysis but were excluded from our per-protocol analysis because they were not exposed to any therapeutic visits with the pharmacist case manager. The baseline demographics of the 27 patients who withdrew from the study early were similar to those of the patients who did not withdraw.
Baseline characteristics
The characteristics of both study groups were similar at baseline ( Table 1 ). The mean age was 67.6 years, 60.2% were aged 65 years or older, 58.0% were men, 15.6% had diabetes and 53.4% had a transient ischemic attack as their qualifying event.
Because of our exclusion criteria, virtually all of the patients had no or only slight disability at baseline (based on modified Rankin score), but ABCD scores (an estimate of risk of stroke recurrence) were moderate or high in about two-thirds of patients in both arms (Table 1) . Self-reported health utility and satisfaction with health care were high in both arms at baseline (Table 1) . At the time of study entry, 98.2% of trial participants were taking an antiplatelet agent, 78.1% were taking an antihypertensive medication, and 84.6% were taking a statin.
Optimal blood pressure and LDL control
At baseline, none of the trial participants met both the systolic blood pressure and LDL targets recommended in the Canadian Stroke Guidelines. By 6 months, there were substantial improvements in both groups, with a clinically important and significantly greater improvement among patients in the pharmacist-led group than in the nurse-led group (pharmacist-led group: 43.4% met both systolic blood pressure and LDL goals; nurse-led group: 30.9% met both goals; 12.5% absolute difference, number needed to treat 8; p = 0.03) ( Table 2) . Multivariable analyses confirmed that there was greater attainment of the guideline-recommended targets in the pharmacist case manager group than in the control group (adjusted odds ratio 2.31, 95% confidence interval 1.29-4.20, p = 0.005 at 6 months; adjusted for age, comorbidities, sex, smoking status and waist circumference). Sensitivity analysis (systolic blood pressure target of 130 mm Hg for patients with diabetes) confirmed the robustness of our main analysis: 42.0% of patients met both systolic blood pressure and LDL targets in the pharmacist case manager group compared with 30.9% in the nurse-led control group (p = 0.04).
Nearly two-thirds of participants were already at systolic blood pressure targets at baseline, and patients in both groups had similar reductions in systolic blood pressure during the trial. Thus, a high proportion of participants in both groups met the systolic blood pressure target by 6 months (pharmacist-led group: 80.4%; nurse-led group: 89.7%; p = 0.2). The benefits of case management by pharmacists were largely driven by the higher proportion of patients who met their LDL cholesterol targets (pharmacist-led group: 51.1%; nurse-led group: 33.8%, p = 0.003).
The per-protocol analysis (restricted to the 220 patients who did not withdraw early and who attended at least 1 study visit after the baseline visit) showed a larger treatment effect. Systolic blood pressure and lipid level targets were attained by 52.7% of patients in the pharmacist case manager group compared with 35.5% of patients in the control group at 6 months (p < 0.001).
The results of subgroup analyses were consistent with the main results. For example, among patients who had experienced a transient ischemic attack and who had moderate or high ABCD scores at baseline, control rates after 6 months were 48.7% in the pharmacist-led group compared with 26.3% in the nurse-led group (p = 0.04).
Other outcomes
There were no appreciable differences in the secondary outcomes unrelated to systolic blood pressure or LDL cholesterol, and there were few clinical events by 6 months (9 cardiovascular events and no deaths in the pharmacist-led group v. 8 cardiovascular events and 1 death in the nurseled control group) ( Table 2) . Patients in the pharmacist-led group had more medication changes over the course of the study (192 by the pharmacist case managers, 71 by their attending physicians, and 18 by the patients themselves) than in the nurse-led group (85 by the attending physician, 26 by the patients). The median number of antihypertensive medications taken at 6 months was similar in both groups (pharmacist-led group: 2 [interquartile range (IQR) 1-3]; nurseled group: 2 [IQR 1-2]; p = 0.1).
At 6 months, 43.0% of patients in the pharmacist-led group were taking an angiotensinconverting-enzyme inhibitor or angiotensin receptor blocker (14% at maximal daily dose) compared with 32.8% (5% at maximal dose) in the nurse-led group (p = 0.1 for usage, p = 0.02 for dosing). At 6 months, 58.9% of patients in the physician-led group were taking a statin (32.7% at maximal daily dose) compared with 56.3% (25.8% at maximal dose) in the nurse-led group group (p = 0.7 for usage, p = 0.2 for dosing).
Interpretation
Among patients with recent minor ischemic stroke or transient ischemic attack, visits with a Research pharmacist case manager with prescribing authority led to a 12.5% absolute improvement in the percentage of patients who achieved the targets for systolic blood pressure and LDL cholesterol, over and above the benefits attributable to the active control. Calling our control arm "usual care" would be a misnomer, and patients in the active control group (nurse-led group) showed a 30% absolute improvement in risk factor control over a 6-month period. The 43% absolute improvement at 6 months seen in our pharmacist case manager group was achieved despite the fact that over three-quarters of patients were already taking an antihypertensive or lipid-lowering medication at baseline.
Our pharmacist case manager intervention achieved greater reductions in systolic blood pres- Note: COPD = chronic obstructive pulmonary disease, EQ-5D = EuroQol Health Questionnaire, HDL = high-density lipoprotein, LDL = low-density lipoprotein, SD = standard deviation. *Dstimated glomerular ltration rate < 60 based on the MDRD (modi cation of diet in renal disease) equation. †Scored on a 5-point Likert scale with 5 being excellent and 1 being poor. ‡Individuals reporting at least 120 minutes of moderate or strenuous physical activity per week.
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sure and LDL cholesterol than reported in most prior studies. 15, 20 Although 2 recent trials 21, 22 involving younger patients with uncontrolled hypertension reported similar systolic blood pressure reductions and blood pressure control rates with the involvement of pharmacist case managers, our study enrolled older higher-risk patients with lower systolic blood pressure at baseline; we also assessed the impact of a pharmacist case manager on a wider array of vascular risk factors. The observed reductions in systolic blood pressure in the nurse-led active control group were just as large as those in the pharmacist case manager group, which is consistent with our previous findings about the efficacy of our nurse-led active control intervention for blood pressure reduction. 18 However, patients in the pharmacist case manager group showed much better LDL control than those in the nurse-led group. Whether this was because of greater appreciation of the importance of blood pressure control for stroke survivors and/or greater therapeutic inertia for lipid management among participating primary care physicians, or merely represents a ceiling effect for blood pressure management are points for conjecture and future study.
It is important to note that our intervention involved active medication titration by a pharmacist case manager. A study involving stroke survivors with very similar baseline features as our cohort found no benefit with case managers who did not have prescriptive authority and who merely advised patients with blood pressure measurements above target to see their primary care 
Secondary outcomes
Systolic blood pressure at 6 mo 126.5 ± 17.9 122.2 ± 13. physician (mean change in systolic blood pressure 0.3 mm Hg at 12 months). 23 Indeed, several other studies have also found minimal benefit if case management only involves monitoring of risk factors, patient counselling and feedback to patients and/or primary care physicians. 14, 16, 24, 25 Limitations Our trial was too short and was underpowered to detect changes in clinical events. However, the outcomes we evaluated (systolic blood pressure and cholesterol levels) are well-validated predictors of subsequent stroke and cardiovascular events, and there is a robust evidence base supporting blood pressure and lipid optimization for secondary prevention, making a very large outcomes-driven trial unnecessary, in our opinion. For example, lowering systolic blood pressure by 10 mm Hg ultimately confers a 41% reduction in stroke and 22% reduction in coronary events, even among patients with vascular disease. 26 In the same vein, statins are beneficial for stroke survivors, and the magnitude of benefit appears to be directly related to the degree of LDL cholesterol reduction achieved. 4, 7, 27 The EXPRESS study showed (in a controlled before-after design) that prompt optimization of risk factors after transient ischemic attack resulted in an 80% reduction in recurrent stroke. 28 However, there are some limitations of our trial. First, we had 6-month measurements of LDL and blood pressure for only 225 patients; however, our primary analysis was intention-totreat using the last observation carried forward, which would have biased our results toward the null because all patients had blood pressure and/or LDL cholesterol levels above target levels at baseline. Second, our trial could not be blinded. Although this would not influence our main outcomes (which were objectively assessed using automated blood pressure machines and fasting laboratory results), this may have resulted in biased treatment estimates for subjective outcomes (e.g., satisfaction with care, quality of life).
Third, some may question whether our data are generalizable to other settings. However, our study setting closely resembles the United Kingdom National Health Service and integrated managed care organizations in the United States, and the clinical profiles of our participants were similar to recent reports of stroke survivors from other Canadian provinces, the US, the UK and Europe. 1, 2, 10, 20, 24, 25, 28 When considering the external validity of our results, the under-treatment of vascular risk factors is a nearly universal phenomenon and has been documented in many other settings and for other atherosclerotic conditions.
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Conclusion Although primary care physicians and specialists have made great inroads in the control of cardiovascular risk factors for patients with coronary disease over the past decade, 31 stroke prevention strategies need to extend beyond the current emphasis on antithrombotic agents and evaluation for carotid endarterectomy. We found that a nurse-led case management program based on monthly evaluation of risk factors, patient counselling and feedback to primary care physicians improved control of key risk factors for stroke (hypertension and dyslipidemia) by 6 months. However, even greater improvements were seen among patients whose care was managed by a pharmacist case manager who was empowered to initiate and titrate medications to attain guideline-recommended targets. We believe that both approaches hold great promise, not only for patients with stroke or transient ischemic attack but also for all patients with, or at high risk of, vascular disease, and our study provides much-needed information on their comparative effectiveness.
